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(57) ABSTRACT

A method and system for controlling the engine during a
return to idle maneuver when the engine’s oil is highly aer-
ated. The system and method will implement a stepped return
to idle maneuver when the engine oil has a predetermined
amount of aeration. The predetermined amount of aeration is
an amount that could cause an engine to stall due to valve lift
loss if the engine speed were reduced to the idle speed in the
conventional manner.
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1
STEPPED IDLE RETURN FOR MULTTAIR
EQUIPPED ENGINES WITH HIGH
AERATION

FIELD

The present disclosure relates generally to the control of
internal combustion gas engines and, more particularly, to a
method and system for controlling the engine during a return
to idle when the engine’s oil is highly aerated.

BACKGROUND

With the development of advanced valve train technologies
(e.g., MultiAir®), it is now possible to control the amount of
air used for combustion in each individual engine cylinder. A
vehicle equipped with such technology (often referred to as
variable valve actuation technology) manages the torque and
power delivered by the engine by varying the lift profile of
intake valves without direct use of a throttle. Instead, air
intake is controlled using electro-hydraulic components that
include a valve tappet, moved by a mechanical intake cam,
connected to the intake valve through a hydraulic chamber
that is controlled by a solenoid valve. The vehicle’s engine
control unit provides optimum intake valve opening sched-
ules throughout the operation of the engine.

Standard engine oil is used as the valve operating fluid in
the variable valve actuated engines described above. At high
engine speeds, the oil is pressurized and typically free from
air or air bubbles, which is desirable. However, when the oil
pressure drops, air can effervesce from the oil (via e.g., the oil
gallery), causing the oil to become aerated, which is not
desirable.

One known situation where oil aeration can occur is when
the engine speed is returned to idle. During a return to idle
maneuver, oil pressure drops and air can effervesce from the
oil. It has been discovered that valve lift can be lost due to a
return to idle, especially in conditions of high oil aeration.
FIG. 1is a graphillustrating example test results for an engine
that was running at 4,000 RPM (revolutions per minute) for a
period of time before initiating a return to idle maneuver (i.e.,
air injection was shut off along with a command to reduce the
speed). Oil aeration in this example was set to 19% and engine
idle speed was the typical 700 RPM.

The x-axis of the FIG. 1 graph represents the number of
crankshaft revolutions since the return to idle was initiated.
Likewise, the y-axis of the FIG. 1 graph represents the
amount of lift a particular intake valve experienced since the
return to idle was initiated. As can be seen, significant valve
lift was lost once the return to idle was initiated. In the
illustrated example, there was over a 2.5 mm loss. This sig-
nificant loss of valve lift can cause the engine to stall, which
is undesirable and dangerous. Accordingly, there is aneed and
desire for a mechanism to control an engine during a return to
idle maneuver that will not cause significant valve lift loss
when the engine’s oil is aerated.

SUMMARY

In one form, the present disclosure provides a method of
controlling an engine of a vehicle to set a speed of the engine
to a predetermined idle speed. The method comprises deter-
mining, at a processor, if the engine’s oil is highly aerated;
and if the engine’s oil is highly aerated, setting, via the pro-
cesser, the engine speed to an intermediate idle speed for a
predetermined time period before setting the engine speed to
the predetermined idle speed.
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The present disclosure also provides an engine system of a
vehicle. The system comprises a solenoid valve connected to
a cylinder head connected to the engine; and a controller
connected to the solenoid valve and the engine. The controller
adapted to set a speed of the engine to a predetermined idle
speed by determining if the engine’s oil is highly aerated; and
if the engine’s oil is highly aerated, setting the engine speed to
an intermediate idle speed for a predetermined time period
before setting the engine speed to the predetermined idle
speed.

Further areas of applicability of the present disclosure will
become apparent from the detailed description provided here-
inafter. It should be understood that the detailed description,
including disclosed embodiments and drawings, are merely
exemplary in nature intended for purposes of illustration only
and are not intended to limit the scope of the invention, its
application or use. Thus, variations that do not depart from the
gist of the invention are intended to be within the scope of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph that illustrates valve lift loss after a return
to idle maneuver was initiated and when engine oil is highly
aerated.

FIG. 2 illustrates a system for controlling an engine during
a return to idle maneuver according to an embodiment dis-
closed herein.

FIG. 3 illustrates a flowchart of a method of controlling an
engine during a return to idle maneuver according to an
embodiment disclosed herein.

FIG. 4 is a graph that illustrates substantially minimized
valve lift loss after a stepped return to idle maneuver was
initiated and performed in accordance with an embodiment
disclosed herein.

DETAILED DESCRIPTION

The disclosed system and method will implement a
stepped return to idle maneuver when engine oil has a prede-
termined amount of aeration. The predetermined amount of
aeration is an amount that could cause an engine to stall due
to valve lift loss if the engine speed were reduced to the idle
speed in the conventional manner. It is believed that the air
bubbles within the oil gallery grow and coalesce when oil
pressure drops at low engine speeds. If the engine speed is
allowed to first dwell at an intermediate calibratable engine
speed for a calibratable amount of time before returning to the
typical idle speed (e.g., 700 RPM), then valve lift loss is
substantially eliminated. The system and method disclosed
herein are suitable for use with MultiAir® and other variable
valve actuation systems/vehicles.

FIG. 2 illustrates an example system 10 for a vehicle that
may be programmed to perform the novel control method 100
(FIG. 3) disclosed herein. The system 10 comprises a cylinder
head 12 connected to an engine 14 and a solenoid valve 16.
The solenoid valve 16 controls the opening and closing of
intake valves within the cylinder head 12. Although shown
separate, the solenoid valve 16 could be located within the
cylinder head 12. Moreover, other components (e.g., pressure
chamber) needed for a variable valve actuation system (e.g.,
a MultiAir® system) are not shown for clarity purposes. It
should be appreciated that FIG. 2 illustrates one example
system 10 and the principles disclosed herein are not limited
solely to the FIG. 2 illustrated configuration.

The engine 14 is also connected to an engine control unit
(ECU) 30 or similar type controller. The ECU 30 could be a
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processor programmed to perform the method 100 discussed
below and/or other necessary controller functions. The ECU
30 includes a valve control module (VCM) 32 that controls
the timing of the solenoid valve 16, which is used to control
the opening/closing of the intake valves. The ECU 30 can
receive an engine speed or other input from the engine 14 or
a sensor attached to the engine that indicates what the engine
speed is.

The ECU 30 is adapted to set, clear, and read an oil aeration
indicator. The indicator could be a software variable that is
stored in a memory within the ECU 30 or external to the ECU
30. Alternatively, or in addition to, the oil aeration indicator
could be a hardware register that is part of the ECU 30 or
external to the ECU 30, as desired. The oil aeration indicator
will have a first value indicating that the engine’s 14 oil is
aerated (in accordance with the disclosed principles) and a
second value indicating that the engine’s 14 oil is not acrated.

In one embodiment, the aeration indicator will be set when
the engine speed and amount of time the engine was at the
speed indicates that aeration is probable. Known aeration
percentages based on engine speed and the time at speed will
be stored in a table or hardware registers accessible by the
ECU 30. In an example embodiment, the aeration indicator
will be set when the engine speed and time the engine was at
the speed indicate that there is at least an 18% aeration of the
engine oil. It should be appreciated that the subject matter
disclosed herein is not limited to an 18% aeration of the oil
and that any amount of aeration can be used to set the aeration
indicator.

Moreover, other factors can be used to determine whether
the oil is aerated enough to cause potential valve lift loss. That
is, oil aeration can be effected by the dynamic operation of the
vehicle. For example, when a vehicle makes sharp turns, the
engine oil can enter the timing chain’s case and touch the
timing chain, which can cause additional aeration. Thus, hav-
ing inputs from accelerometers can help determine whether
the manner in which the vehicle is being driven is causing
additional aeration of the engine oil. In addition, the oil’s
temperature could be an indication of aeration.

Thus, the disclosed system 10 can optionally include inputs
from one or more accelerometers 20, and oil temperature
sensor 22 or other sensors that can be used to determine oil
aeration. The ECU 30 could use one or more of these inputs to
determine the amount of aeration and set the aeration indica-
tor. In another embodiment, the system 10 can input oil pres-
sure from e.g., an oil pressure sensor and then perform an
analysis (e.g., a Fourier analysis) on the oil pressure to deter-
mine if the oil is aerated, as the inventors have determined that
air bubbles tend to damp high frequency content. It should be
appreciated that the subject matter disclosed herein is not
limited to how the aeration of the oil is determined. For
example, aeration could be determined based on the existing
VCM aeration algorithm, if desired. Moreover, the subject
matter disclosed herein is not limited to when the ECU 30
makes the oil aeration computation/determination. That is,
the oil aeration computation/determination can be performed
periodically as a background or other process performed by
the ECU 30.

FIG. 3 illustrates a method 100 of controlling the system 10
during a return to idle maneuver in accordance with an
embodiment disclosed herein. In a desired embodiment, the
method 100 is implemented in software, stored in a computer
readable medium, which could be a random access memory
(RAM) device, non-volatile random access memory
(NVRAM) device, or a read-only memory (ROM) device)
and executed by the engine control unit 30, which may be or
include a processor, or other suitable controller within the
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system 10 of FIG. 2. Moreover, the computer readable
medium can be part of the ECU 30.

The method 100 should be run when the ECU 30 or other
vehicle sensor/module detects that a return to idle maneuver
is being performed. For example, the ECU 30 can detect that
an accelerator pedal “tip-out” was performed. An accelerator
pedal “tip-out” is the action of a driver releasing the accel-
erator pedal from a depressed position to a completely
released or mostly released position. Regardless of how
return to idle maneuver is detected, or how/when the method
100 is executed, the method 100 begins when the ECU 30
determines whether the aeration indicator is set to the first
value indicating that the engine’s 14 oil is “highly” aerated
(step 102). As mentioned above, in one example embodiment,
the aeration indicator will be set to the first value if there is at
least an 18% aeration of the engine oil. If at step 102, it is
determined that the aeration indicator is not set to the first
value (i.e., the engine’s 14 oil is not “highly” aerated), the
method 100 terminates.

However, if at step 102, it is determined that the aeration
indicator is set to the first value indicating that the engine’s 14
oil is “highly” aerated, the method continues at step 104 to
initiate a stepped return to idle maneuver. That is, instead of
immediately returning the engine to its normal idle speed
(e.g., 700 RPM), step 104 will set the idle speed to an inter-
mediate value “N” for predetermined a period of time “X”.
The ECU 30 and the VCM 32 will control the solenoid valve
16 and engine 14 to set the engine 14 to the intermediate idle
speed N. The exact value of the intermediate value N will be
determined by a calibration process. Likewise, the predeter-
mined time period X will be determined by the calibration
process. During the calibration process, the engine 14 can be
tested in a manner described below with reference to FIG. 4 to
find optimal values for the intermediate idle speed N and time
period X that will substantially minimize valve lift loss.

After time X has elapsed, the method 100 continues at step
106 where the idle speed is set to the engine’s normal idle
speed. The ECU 30 and the VCM 32 will control the solenoid
valve 16 and engine 14 to set the engine 14 to the normal idle
speed. The engine 14 will idle at the normal speed and
because valve lift loss has been substantially eliminated, the
engine will not stall. Thus, the method 100 implements a
calibratable controlled return to idle after sustained high
RPM driving or other driving conditions. The controlled,
stepped return to idle will substantially prevent valve lift loss
and ensure that the engine will not stall.

FIG. 4 is a graph that illustrates substantially minimized
valve lift loss during a stepped return to idle maneuver per-
formed in accordance with the method 100 described above.
FIG. 4 shows test results for an engine that was running at
4,000 RPM for a period of time before initiating a stepped
return to idle maneuver in accordance with the above method
100. As with the FIG. 1 example, oil aeration was set to 19%.
The intermediate engine idle speed was approximately 1,000
RPM for this test and the normal engine idle speed was set to
the typical 700 RPM. During the test, when the return to idle
was initiated, the engine was allowed to dwell at the interme-
diate idle speed for about 6 to 7 seconds before dropping to
the normal engine idle speed. In the illustrated example, there
was an approximately 0.5 mm loss for a very short duration
(i.e., approximately 50 crankshaft revolutions). Thus, valve
lift lost was substantially minimized during the stepped return
to idle maneuver performed in accordance with the method
100 disclosed herein.
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What is claimed is:

1. A method of controlling an engine of a vehicle to set a
speed of the engine to a predetermined idle speed, the method
comprising:

determining, by a controller of the engine, an aeration of an

oil utilized by a valve lift system configured to control
valve lift of the engine;
determining, by the controller, whether the oil aeration is
greater than a predetermined aeration threshold indica-
tive of a potential stall of the engine due to valve lift loss;

when the oil aeration is greater than the predetermined
aeration threshold, commanding, by the controller, the
engine speed to an intermediate idle speed for a prede-
termined time period, the intermediate idle speed being
greater than the predetermined idle speed; and

in response to the predetermined time period expiring,

commanding, by the controller, the engine speed to the
predetermined idle speed.

2. The method of claim 1, wherein determining the oil
aeration is based on how long the engine speed was at a
predetermined speed.

3. The method of claim 2, wherein determining the oil
aeration is further based on a temperature of the oil.

4. The method of claim 2, wherein determining the oil
aeration is further based on signals indicative of how the
vehicle is being driven.

5. The method of claim 1, wherein the intermediate idle
speed is determined from a calibration process.

6. The method of claim 5, wherein the predetermined time
period is determined from a calibration process.

7. The method of claim 1, wherein commanding the engine
speed to the intermediate idle speed comprises controlling a
timing of a solenoid valve configured to control opening and
closing of at least one engine intake valve.

8. An engine system of a vehicle, the system comprising:

asolenoid valve connected to a cylinder head ofthe engine;

and

a controller in communication with the solenoid valve and

the engine and configured to set a speed of the engine to

a predetermined idle speed by:

determining an aeration of an oil utilized by a valve lift
system configured to control valve lift of the engine;

determining whether the oil aeration is greater than a
predetermined aeration threshold indicative of a
potential stall of the engine due to valve lift loss;

when the oil aeration is greater than the predetermined
aeration threshold, commanding the engine speed to
an intermediate idle speed for a predetermined time
period, the intermediate idle speed being greater than
the predetermined idle speed; and
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in response to the predetermined time period expiring,
commanding the engine speed to the predetermined
idle speed.
9. The system of claim 8, wherein the intermediate idle
speed is determined from a calibration process.
10. The system of claim 9, wherein the predetermined time
period is determined from a calibration process.
11. The system of claim 8, wherein commanding the
engine speed to the intermediate idle speed comprises con-
trolling the timing of the solenoid valve to control opening
and closing of at least one engine intake valve.
12. The system of claim 8, wherein determining the oil
aeration is based on how long the engine speed was at a
predetermined speed.
13. The system of claim 12, wherein determining the oil
aeration is further based on a temperature of the oil.
14. The system of claim 12, wherein determining the oil
aeration is further based on signals indicative of how the
vehicle is being driven.
15. The system of claim 12, wherein determining the oil
aeration is further based on a pressure of the oil.
16. The method of claim 1, wherein determining the oil
aeration is further based on a pressure of the oil.
17. The method of claim 1, wherein the predetermined time
period has a sufficient duration for the oil aeration to decrease
below the predetermined aeration threshold.
18. The system of claim 8, wherein the predetermined time
period has a sufficient duration for the oil aeration to decrease
below the predetermined aeration threshold.
19. A system for an engine of a vehicle, the system com-
prising:
a valve lift system configured to control a lift of a valve of
the engine, the valve configured to control airflow at
least one of into and out of a cylinder of the engine, the
valve lift system comprising an oil; and
a controller configured to:
detect a request for a speed of the engine to decrease to
a predetermined idle speed;

in response to detecting the request, determine an aera-
tion of the oil indicative of an amount of air in the oil;

determine whether the oil aeration is greater than an
aeration threshold indicative of a potential stall of the
engine due to valve lift loss;

when the oil aeration is greater than the aeration thresh-
old, commanding the engine speed to an intermediate
speed greater than the predetermined idle speed; and

when the oil aeration is less than the aeration threshold,
commanding the engine speed to the predetermined
idle speed.



